Crowdsourcing innovation is a new model for enterprises to acquire knowledge of external networks and achieve innovation objectives effectively. Its organizational form is relatively loose, the participants are free and voluntary, and come from a wide range of sources. Deeply understanding the heterogeneity and contribution behavior of crowdsourcing innovation participants is very important to crowdsourcing innovation practice. Taking the IdeaStorm crowdsourcing community as the research object, the data related to user interaction and contribution is captured. Through social network analysis combined with cluster analysis to explore the heterogeneity of user interaction behavior and contribution behavior and finally establish five different user roles, they have different importance to support the effective operation of the community. This study will be helpful to understand the crowdsourcing innovation mode and provide theoretical guidance for the effective management of crowdsourcing innovation activities in enterprise community.
Introduction
At present, more and more companies realize that innovation activities based solely on internal resources have been difficult to meet the rapidly growing market demand and increasingly fierce commercial competition. In 2006, Howe first presented "crowdsourcing", and the concept of crowdsourcing is defined as the fact that a company or organization outsources work tasks performed by employees in the past to a non-specific (and often large) mass network in a free and voluntary manner [1] . As a new type of innovation, crowdsourcing innovation has been widely concerned by the theory and practice. Its main idea is: the rage the power of the online community to promote brand awareness and gain innovative ideas for products and services; Xiaomi's MIUI community is an important platform for Xiaomi to develop seamless and open innovation activities, with more than 47 million registered users and thanks to "the full participation of the masses", Xiaomi has grown rapidly. At home, many third-party crowdsourcing platforms, such as ZBJ.com, Taskcn, EPWK.com and other third-party crowdsourcing platforms have poured into the market one after another, and have carried on beneficial exploration to the practice and application of crowdsourcing innovation mode.
It can be seen that the crowdsourcing innovation model has achieved good results in practice. Considering that crowdsourcing innovation is loosely organized, mass participation is free and voluntary, and is not subject to restraint. Therefore, the proper management of a wide range of participants in the crowdsourcing innovation community and the guidance and regulation of their behavior will be the key to the effective operation of the crowdsourcing innovation community. It is pointed out that the stability, persistence and effectiveness of the virtual community depend on the mobilization of the initiators and the ability to adapt and manage the heterogeneity of the masses. David (2008) [3] pointed out that the stability, persistence and effectiveness of virtual communities depend on the ability of the initiator to mobilize, adapt and manage the user's heterogeneity. Welser et al. (2011) [4] , Pedersen et al. (2013) [5] argued that in order to manage crowdsourced innovative virtual communities more effectively, it is necessary to understand the heterogeneity of community users' roles and behaviors, including their contribution behaviors, knowledge sharing and social interaction, etc. Füller et al. (2014) [6] pointed out that the participants cooperate and compete in the context of the innovative competition community.
The initiative, experience, skills and high heterogeneity in their personal background led to a complex structure in the entire community. Guo et al. (2017) [7] believes that in the crowdsourcing innovation community, where large numbers of people scatter around the world, in the innovation process without touching each other. Their behavior is free and voluntary. They submit solutions, and im-Journal of Service Science and Management prove the creative ideas by guiding the masses to communicate with each other and multi-dimensional interactions, thereby improving the quality of creativity.
Obviously, the above literature discusses the user role and contribution behavior of the virtual community from different perspectives, and has a good guiding significance for understanding the user heterogeneity of crowdsourcing innovation virtual communities. In order to understand the basic dynamics of crowdsourcing innovation communities, better manage crowdsourcing activities, and improve innovative solutions that produce better quality, it is critical to explore community user types and behaviors. This paper will select a more representative crowdsourcing innovation community as the research background, and examine the network structure, user roles and contribution quality of the community. Compared with the existing research, this study will point out the differences in user behavior patterns and explain the different importance of different types of users to the successful operation of the community, in order to provide decision support for the relationship governance and good operation of crowdsourcing innovative virtual communities.
Related Theory

The Connotation and Operation Mode of Crowdsourcing Innovative Virtual Community
Today, innovation is no longer just the main task of corporate R & D personnel.
Instead, the innovation process is open, and the community is an Internet platform that uses a variety of ideas and ideas from Internet users to create new products for stakeholders. With the development of information technology, the innovative mode of crowdsourcing has a wider application prospect. Participants with different knowledge and skills contribute to their creativity and help businesses accomplish their innovation tasks through the online community [8] . The online community has become an important and widely studied economic and cultural phenomenon. Different communities' environment and purposes must have different modes of operation.
Under the background of booming Internet technology, crowdsourcing innovation with the public participation as the core, it is a new business model with large-scale innovation and value creation through the Internet platform [9] .
Scholars have also interpreted and defined crowdsourcing innovation communities. For example, Schröder et al. (2010) [10] shows that innovation virtual communities are formed that individuals who are free to participate in crowdsourcing activities. They share and interact to build community awareness, and serve collaborative innovation aims. Fan Ting (2012) [11] pointed out that the crowdsourcing community is not only an information system, but also a new social structure based on the Internet. Tung et al. (2017) [12] pointed out that resources derived from crowdsourcing platforms are not only tangible, but also intellectual and virtual. This makes the platform an effective tool for social enterprises to make the most of their resources and help them achieve their inno- third-party crowdsourcing platform abroad, contractor accomplishes the innovation task published on the platform, and when the submitted innovation scheme is adopted by the enterprise, it will receive the amount of reward promised by the enterprise. The goals of these platforms are not only to capture users, but also to build their interactive contributions. Many collective intelligence applications rely on real-time management and understanding of large amounts of user-generated data. Community-generated data requires an efficient system to collect and connect these data between users to better serve their own business [12] .
In addition, many scholars at home and abroad have made some important achievements in the theory and empirical research of crowdsourcing virtual communities from various angles. Brabham (2008) [13] used the iStockphoto community as a background to obtain community user-related data through on- In the field of crowdsourcing research, although the division of crowdsourc-Journal of Service Science and Management ing participants is different, the meaning is generally the same, that is, the task publisher, the contractor, and the crowdsourcing innovation platform. The task publisher can be an enterprise, an individual or a non-profit organization. Under the condition of realizing that its resources are scarce and it is difficult to solve the innovation problem, it can achieve the innovative purpose by absorbing, integrating and developing external resources; the contractor is also active.
The public on the Internet platform, they can be professionals or amateurs. They are completely free and willing to participate in crowdsourcing activities without any restrictions. Any independent individual is a collection of knowledge and information, and has potential value that can be exploited and utilized [17] . and third-party crowdsourcing platforms. As shown in Table 1 . This kind of platform is a crowdsourcing agency that connects the contractor (enterprise, individual or non-profit organization, etc.) with the contractor (social public participant); it integrates the wisdom of the enterprise to solve the innovation problems faced by the enterprise, and the submitted solution is finally adopted. The user gets the corresponding reward [17] .
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The Role of Crowdsourcing Innovative Virtual Community Users
Crowdsourcing often produces distinct virtual communities [14] . The classification of virtual community user roles is shown in 
Methodology and Measures
1) Methodology
Applying social network analysis (SNA) and network measurement (out-degree, in-degree, betweenness) to visualize and explain the network structure of the community. Based on individual user network measurement and user contributions, we perform cluster analysis and detect different user roles. Moreover, we compare the quality of submitted ideas in identified user roles and compare the structural positions of these user roles.
Social network analysis (SNA) is both a method and a perspective. In the process of virtual community user interaction, a single user is bound to be influenced by social relationships and their network structure, which in turn Journal of Service Science and Management Social network analysis can precisely satisfy the quantitative discussion of complex social relations, and effectively expand the study of social structure [30] . A social network is a collection of social actors as nodes and their relationships, emphasizing some direct or indirect connection between each actor and other actors in the network.
Cluster analysis is a multivariate analysis technique that classifies research objects according to the characteristics of the research objects. The main purpose is to classify similar things and group individuals (samples) with similar properties (or distances) into one class. Individuals are highly homogenous, with different types of individuals having a high degree of heterogeneity [31] . Among various clustering methods, the K-means clustering method is widely used due to its high efficiency. The basic idea of K-means clustering is to divide K objects into K clusters with K as the parameter, so that the clusters have higher similarity, and the similarity between clusters is lower.
2) User behavior and contribution measurement
Interaction behavior: Out-Degree centrality refers to the output relationship of a node. In this study, out-degree indicates the number of comments submitted by the user. In-Degree centrality refers to the input relationship of a node. In this study, in-degree indicates the number of comments submitted by the user. 
Results
Social Network Analysis
When a user ID submits a comment to another user ID, it is considered that an interaction relationship is established between the two IDs. Remove duplicate user and sponsor user ID duplicates, as well as isolate points. The processed Excel data is imported into UCINET to generate a 1226 × 1226 interactive relationship matrix. UCINET network visualization function is used to draw the social network diagram. As shown in Figure 1 , in this directed network diagram, each node represents a user, with a total of 1226 nodes and 1679 connections. At the same time, the social network visualization analysis is carried out for the betweenness, that is, the larger the shape in the figure indicates that the higher betweenness of the node, the more likely it is to be at the core position of the network.
In order to identify different user roles measures of interaction behavior and contribution behavior need to be considered. Table 4 shows descriptive statistics of the measures used as indicators for the participation behavior of users.
The maximum value of out-degree is 20, which is significantly different from the maximum value of in-degree 147. However, the standard deviation of the out-degree is much smaller than the standard deviation of in-degree. This phenomenon indicates that the network structure of the community does not have symmetry in the out-degree and in-degree, which means that the reciprocity of the community is low. In terms of the number of contributions, the maximum value is 359, the average value is only 3.52, and the standard deviation is also large, indicating that the user's contribution level is unevenly distributed. Figure 1 . Network of the IdeaStorm community.
Cluster Analysis
Descriptive statistics have revealed differences in behavior between users. We use the out-degree, in-degree and contributions as indicators to explore the types of users in the community and clarify their differentiation. First, in order to make the clustering results more stable, eliminate a few outstanding users. In this study, we use SPSS22.0 to apply K-means cluster analysis to identify the role of community users. Combined with expert experience, after repeated classification and calculation, it is found that when users aggregate into five categories, presented in Figure 2 . The data difference is the most obvious, and the similarity among members in the group is higher. Table 5 Out-degree, In-degree, and contribution are very low, which means that their interaction and contribution behavior are maintained in a negative state. The individual network is not shown here.
Motivators: 17 people, accounting for 1.4%. This type of user has the highest out-degree of 8.59, which means they submit a lot of comments in the community. The average number of contributions is 11.53, which is at a medium level;
the average of the in-degree is 0.41, which is at a low level. It shows that such users have the enthusiasm of actively participating in the community, and can also submit a small number of ideas to promote community knowledge and sharing, but their views are less concerned. A representative user individual network is shown in Figure 5 . Potential users: 165 people, accounting for 13.6%, the average of the out-degree and contribution of this type of users were 2.34 and 5.32, respectively, both at a medium level, and the average of the in-degree was relatively low at 0.40. It is not difficult to see that they show any interaction and contribution behavior, but they are not proactive. Therefore, this paper believes that by adopting appropriate incentives, they can stimulate their enthusiasm for participating in community interaction and contribution, and create more value for the community. A representative user individual network is shown in Figure 6 .
Network Position and the Quality of Contribution
In the previous section, the interaction behavior and contribution behavior characteristics of five types of users were analyzed by measuring out-degree and Journal of Service Science and Management in-degree and the number of submitted ideas. Next, we will examine the user's betweenness in the network to determine the heterogeneity of the network location of the five types of users. At the same time, the user's points on the platform and the number of votes obtained are used to measure the quality of the user's contribution in the community. The user's three indicator averages are summarized as shown in Table 6 . It is not difficult to see that the average scores of the first type of users, the Idea generators, and the number of votes obtained are 4203.83 and 2044.17, respectively, which are much higher than other users.
Therefore, this paper believes that they have the highest quality of creative submission on the platform. At the same time, it can be seen that betweeness of the Attention attractors is the highest, and the average value is 736.75. Betweenness indicates the extent to which a node has control over resources in a network, and the higher betwenness of the node, the more the node occupies the key position of the resource and information flow, and the stronger the control ability of the resource. That is to say, such users occupy a central position in the community and play a key role in the rapid transmission of knowledge information of the community.
At the same time, it is worth paying attention to potential users. Although the will be able to develop their contribution and enhance innovation performance.
Discussion and Implications
The crowdsourcing innovation model has a loosely organized form, and the participating users are free and voluntary and have a wide range of sources. In this exploratory study, we studied the community structures and user roles of a crowsourcing innovation community. The investigated community (IdeaStorm) is a typical crowdsourcing innovation virtual community, which represents a social network defined by member to member relationships. In order to more objectively reflect the network structure characteristics of the community, collecting user interaction information in the project which have been implemented by DELL. Using network measurements (in-degrees, out-degrees, betweenness) and users' contributions quantity and quality, which provided new insights into the users' roles in crowdsourcing area. This study displays the network structure and user insights into the roles and behaviors on the community. Attention attractors have a high out-degree. Although they submit relatively few comments and ideas in the community, their comments are always able to attract other users to discuss together. Their presence will certainly enhance the level of collaboration in the community. Moreover, they are key users of community information delivery. Therefore, we believe that companies should develop their communication and contribution activities to enhance the community's activity.
Passive users, similar to the results of many scholars, they occupy the largest proportion of the community, they are at the edge of the social network.
Motivators, they have a lot of outgoing relationships in the community, and also submit some ideas. They show a high level of initiative in the community's innovation activities. They actively offer feedback and suggestions to promote other users to propose or improve their ideas. Allow other users to enjoy the reciprocity of the community, thus guiding the healthy development of the community.
Potential Users, each measurement for this type of user is at a medium level.
Their performance is not high or low, both in terms of behavior and quality. We believe that such users have a lot of room for development. If the management of the community is more targeted, enhance their enthusiasm for interaction, and tap the contribution of such users, they are likely to improve the quality of community activity and contribution, and create deeper value for the company.
The theoretical implication of this research is to enrich the perspective of crowdsourcing innovation research. The crowdsourcing innovation has attracted more and more attention from the academic circles, but few scholars have explored the user heterogeneity of the crowdsourcing innovation virtual community from the perspective of social network. From the practical implication of view, the organization of the crowdsourcing innovation model is loose, and users participate freely and voluntarily. These characteristics have caused the management difficulties of crowdsourcing innovation activities. Therefore, this study identifies the user roles of virtual community through social network analysis and cluster analysis, but also their characteristics are explained. Which provide a new perspective for companies to effectively manage the communities.
Conclusions
Crowdsourcing innovation is a new type of innovation model for enterprises to effectively acquire the knowledge of external network groups and achieve innovation goals. Its organizational form is relatively loose, and user participation mode is free and voluntary. A deep understanding of the heterogeneity of crowdsourcing innovation participation users is conducive to the successful development of crowdsourcing innovation model.
We choose representative crowdsourcing innovation community to study the Journal of Service Science and Management network structure and user's role of virtual community, and select the user interactions and contributions in the implemented projects of the IdeaStorm community to more convincingly reflect the static network-structure characteristics of the community. On this basis, through the SNA and cluster analysis to identify the user role, five types of user roles are defined. Furthermore, the similarities and differences of network structure and contribution quality of five clusters are analyzed. The results will inevitably reflect the user participation behavior of the crowdsourcing innovative virtual community, in order to provide a new perspective for the management community. However, this study looks at the static analysis of the virtual community network structure and does not consider the evolution of users' role over time, which will be a research perspective that needs to be expanded and is meaningful in the future.
